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Abstract
Background: Osteoporosis creates brittle bones susceptible to fracture, with resulting high levels
of morbidity and mortality. Poor access to bone densitometry services for the residents of North
Wales led to the Welsh Assembly Government offering capital to purchase a dual-energy X-ray
absorptiometry (DXA) scanner, used to diagnose osteoporosis, for the region. The commissioning
question for the six Local Health Boards across North Wales was where to site the new scanner.
This decision needed to reflect current inequalities in access to services and concerns over
inappropriate prescribing relative to Welsh norms.
Methods:  Epidemiological, corporate and comparative healthcare needs assessments were
performed. In addition, two cross-sectional surveys were conducted to determine the views of
general practices and users of bone densitometry services resident in North Wales. An option
appraisal and sensitivity analysis of 13 costed options for DXA scanning was conducted.
Results: We estimated that only 31% of the people in North Wales who met national guidelines
were receiving DXA scans. There was definite inequity of access to the current service provided
by area of residence. There was also evidence of inequity of access by age and sex. The most
suitable option identified in the option appraisal was a bone densitometry service based in the
central location of Llandudno.
Conclusion:  The assessment identified significant unmet need for DXA scanning. A
recommendation was made to improve access through the introduction of a new bone
densitometry service based at Llandudno. This would double scanning provision provided and
reduce travel costs and time for many North Wales residents. This recommendation was adopted
by a joint commissioning group established by the six Local Health Boards in North Wales at the
end of 2004 – evidence based commissioning in practice.
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Background
Osteoporosis is a disease which creates brittle bones sus-
ceptible to fracture. The World Health Organisation
(WHO) defines osteoporosis in terms of bone density [1].
A woman has osteoporosis when her bone density falls
more than 2.5 standard deviations below the young adult
mean value. BMD measurements at the hip have the high-
est predictive value for hip fracture, with the WHO diag-
nostic criteria having a specificity of 80% and a sensitivity
of 30% [2].
A diagnosis of osteoporosis might be suggested by the
presence of risk factors, but needs to be confirmed using
bone densitometry. Although there are other methods
available for measuring bone density such as quantitative
ultrasound (QUS) and peripheral dual-energy X-ray
absorptiometry (pDXA), central DXA is recognised as the
gold-standard diagnostic technique because of its flexibil-
ity to assess different skeletal sites, its high reproducibility
and its low radiation dose [3]. QUS and pDXA measure
sites on the peripheral skeleton (usually heel and/or fore-
arm) while central DXA measured sites on the central skel-
eton (e.g. spine and hip).
Treatment programmes with prior bone density measure-
ment are far more cost effective than those without, espe-
cially for relatively expensive medications such as
bisphosphonates (which will increasingly be used for
osteoporosis) [4]. The costs per QALY (Quality Adjusted
Life Year) gained and per year of life gained for osteoporo-
sis treatment with prior bone density measurement in
those found to have high risk of fracture compare favour-
ably with the treatment of hypertension and hypercholes-
terolaemia [4]. There is evidence that screening by pDXA
or QUS before referral to central DXA is not cost-effective
[4,5]. A case-finding approach based on risk factors is rec-
ommended, rather than universal screening, which would
result in over-treatment of patients without increased frac-
ture risks [6].
The current bone densitometry service provision to North
Wales residents is an open access static central DXA service
at Robert Jones and Agnes Hunt NHS Trust, a specialist
orthopaedic hospital located outside the eastern border of
the region in Gobowen, Shropshire. This can entail a four
hour round trip for some residents. Figure 1 shows a map
of North Wales with relevant sites.
Poor access to this service led to the Welsh Assembly Gov-
ernment (WAG) making the offer of capital to purchase a
DXA scanner for the region. Six Local Health Boards
(LHBs) across North Wales, similar to Primary Care Trusts
(PCTs) in England, are responsible for commissioning
primary and secondary NHS services for the population of
North Wales. These bodies had to decide where to site this
new scanner.
Healthcare needs assessment is defined as 'the systematic
approach to ensuring that the health service uses its
resources to improve the health of the population in the
most efficient way'[7]. It is usually accepted that this
occurs within finite resources [8]. If healthcare needs are
to be identified, then an effective intervention should be
available to meet these needs and improve health. There
will be no benefit from an intervention that is not effective
[7]. Healthcare needs assessment must balance clinical,
ethical, and economic considerations of need – that is,
what services should be provided, how and where should
they be provided and on what basis should patients have
access to these services? The approach also provides a
method of monitoring and promoting equity in the pro-
vision and use of health services and addressing inequali-
ties in health [9,10]. In this study, healthcare needs will be
taken to be the population's ability to benefit from health
care i.e. preventive, diagnostic or treatment services [11].
The three complementary approaches to health needs
assessment are epidemiological, corporate and compara-
tive.
Aim
The aim of the six LHBs was, through evidence based com-
missioning, to improve the equity of access to effective
and efficient bone densitometry services for the 650,0000
residents of North Wales.
In order to provide evidence to support this commission-
ing aim, our research objectives were as follows:
1. to estimate the burden of osteoporosis and related frac-
tures in North Wales
2. to review the clinical effectiveness and cost-effectiveness
of DXA scanning for the diagnosis of osteoporosis
3. to estimate the need for bone densitometry within
North Wales
4. to review the current DXA service provided to the resi-
dents of North Wales
5. to develop an evidence based commissioning plan to
address any unmet need and inequity of access to bone
densitometry services.
Methods
The six LHBs in North Wales commissioned the National
Public Health Service for Wales and the Institute of Medi-
cal and Social Care Research (IMSCaR) at the University of
Wales Bangor, to carry out a needs assessment and pro-Cost Effectiveness and Resource Allocation 2007, 5:1 http://www.resource-allocation.com/content/5/1/1
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vide information for the planning of a bone densitometry
service for North Wales.
Epidemiological, corporate and comparative healthcare
needs assessments were performed from an NHS perspec-
tive.
Epidemiological needs assessment
The key components in epidemiological needs assessment
are: a description of the existing services, the prevalence
and incidence of disease and effectiveness and cost-effec-
tiveness of interventions and associated services. The
number of people with osteoporosis in North Wales was
estimated by applying prevalence estimates for osteoporo-
sis of the hip (using WHO definitions) in men and
women aged 50 years or older in England and Wales [12]
to population estimates.
Corporate needs assessment
The corporate approach has the advantage of allowing
local circumstances to be taken into account and is based
on the views of interested groups e.g. health care profes-
sionals, pressure groups and the public. In this study, only
GPs and service users were consulted because of resource
constraints. To this end, two cross-sectional surveys were
conducted during 2003/4 to determine the views of refer-
ring general practices and DXA service users resident in
North Wales after ethical approval had been received from
the Local Research Ethics Committees across North Wales.
These are as follows:
Professional views
The aim of the survey of general practices was to review
their satisfaction with the current bone densitometry serv-
ice, accessibility issues and preferences for future services
in order to inform planning decisions. The sampling
Map of North Wales with relevant sites Figure 1
Map of North Wales with relevant sites. The figure shows a map of North Wales with the location of the current service 





GobowenCost Effectiveness and Resource Allocation 2007, 5:1 http://www.resource-allocation.com/content/5/1/1
Page 4 of 8
(page number not for citation purposes)
frame, a list of all GP practices in North Wales, was com-
piled from the web-sites of the 6 LHBs in North Wales.
There were a total of 121 listed. A 100% sample was
selected as it was felt important that all practices contrib-
ute to planning decisions. There were no specific inclu-
sion or exclusion criteria. A postal questionnaire for self-
completion by practice managers was constructed using
information gathered from the literature and from advice
provided by colleagues. The questionnaire was in two
parts. The first part was designed to elicit information on
whether the GP practice had referred patients to the static
DXA scanner in Gobowen in the past 12 months. If they
had, they were asked to rate their satisfaction with the
service that they had received. They were then asked
whether they had had any patients in the previous month
who had needed a DXA scan but had refused or been una-
ble to travel to the existing service because of travel dis-
tance. The second part of the questionnaire sought to
gather information on the opinion of the GP practice on
future service options for bone densitometry. The practice
was given four options and they were asked to rank these
in order of preference and to indicate any that they would
not use. The options were 'existing service provided in
Gobowen', 'new DXA service based at Llandudno Hospi-
tal', 'new DXA service based elsewhere in North Wales'
and 'new mobile DXA service covering all of North Wales'.
For option 3, the practice was asked where they would like
this new service to be located. After piloting the question-
naire at a small number of practices in North Wales, the
final version was sent to practice managers, accompanied
by a covering letter. This explained the purpose of the
study, stated that permission had been obtained from the
relevant ethical committees and gave them a contact
number for further information. Also included with the
questionnaire was a self-addressed Freepost envelope for
return of completed questionnaires. Participants were ini-
tially given a two-week return date. If they had not
responded in another two weeks, they were given a tele-
phone reminder and the opportunity to complete the
questionnaire over the phone. The results of the question-
naire were then collated in Excel (spreadsheet software
from Microsoft) and analysed using SPSS (Statistical Pack-
age for the Social Sciences).
User views
The aim of the user survey was to elicit the views of resi-
dents of North Wales who had recently attended the
Gobowen service for a DXA scan, including their satisfac-
tion with the current service, accessibility issues and pref-
erences for the future service. Contact details for the last
200 patients from North Wales who had attended Gobo-
wen for a scan were obtained. This sample was then strat-
ified by LHB and weighted in proportion to the number
of people in the LHB area who are estimated to have oste-
oporosis. The total sample selected was 178. A question-
naire was planned and designed with colleagues including
those who had done a previous service evaluation of tele-
medicine activity [13]. Each client was given an identify-
ing number which was used from that point forward on
the questionnaire and all correspondence. Questionnaires
were sent out to individuals with a covering letter explain-
ing the purpose of the study and the use that the data
obtained would be put to. Both Welsh and English lan-
guage copies of these documents were sent. A two week
response period was given. After this period, a further
questionnaire and covering letter was sent to non-
responders. The results of the questionnaire were then col-
lated in Excel and analysed using SPSS.
Comparative needs assessment
Comparative needs assessment compares levels and pat-
terns of service provision in different geographical areas.
We compared the current provision of bone densitometry
services in North Wales with the rest of Wales and selected
units in England and Scotland. Data included number of
scanners, type of scanner used, staffing levels, cost of serv-
ice, referral criteria, number of scans performed, and wait-
ing times. Information on the location of DXA scanners in
Wales was obtained from one of the unit managers.
Unmet need for DXA scans in North Wales
The unmet need for DXA scans in North Wales was calcu-
lated using a widely accepted estimate of population
requirements for DXA scanning of 1,000 per 100,000
population [14,15].
Option appraisal of the DXA scanning service
An option appraisal and sensitivity analysis of 13 options
for DXA scanning was conducted. Options considered
included continuing the current provision via Gobowen,
having a new static scanner based in Llandudno or else-
where in North Wales, setting up a new mobile DXA scan-
ning service, buying in scans from a mobile provider, and
a combination of these options (Table 1).
Limited criteria were agreed against which to value the
options, including accessibility, GP practice opinion, user
opinion, ease of staffing, ease of management, capacity,
quality of environment and time to implement. These cri-
teria were independently weighted by members of a DXA
Advisory Group in order of importance and a mean
weight was calculated for each criteria. The options were
then scored against the criteria and assessed on a range of
one to five as follows – 1-Very poor 2-Poor 3-Average 4-
Good 5-Very good – to produce weighted benefit scores.
The capital, recurrent revenue, non-recurrent revenue and
discounted costs for options 1–13 were next worked out.
A Value for Money (VFM) score was calculated for all
options by dividing the total discounted cost by theCost Effectiveness and Resource Allocation 2007, 5:1 http://www.resource-allocation.com/content/5/1/1
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weighted benefit scores. The lower the score, the better the
value for money.
A sensitivity analysis was performed to assess how sensi-
tive the VFMs were to changes in the benefit criteria
assigned, as there was some disagreement within the DXA




We estimated that there are 7,000 men and 32,000
women with osteoporosis in North Wales. In 2002–3,
there were 687 hip, 399 wrist & forearm and 308 vertebral
osteoporotic fractures (Patient Episode Database Wales)
[16] equating to approximately £5 M in hospital and £16
M in wider health & social costs [14]. Using PCA (pre-
scribing cost analyses) data [17], it was estimated that
North Wales spent £4.5 M on osteoporosis-related drugs
in year studied, with 1.9 M of this on HRT and 1.8 M on
bisphosphonates. This represents an 8% increase from the
previous year compared with a 7% increase in Wales as a
whole. North Wales spent about £46 on bisphosphonates
(the most osteoporosis specific drug) per head of popula-
tion estimated to have osteoporosis in 2002–3, compared
with £37 across the rest of Wales.
Corporate needs assessment
The surveys of general practices in North Wales (N = 121)
and service users (N = 178) had response rates of 93% and
80% respectively, indicating the importance of this matter
to the local area. Although the (current) service provided
by Gobowen scored highly for satisfaction on both the
general practice and user surveys, definite inequity of
access to this service by area of residence was found. More
than one quarter of practices in North Wales reported that
they had had at least one patient in the last 12 months
who had refused or been unable to travel to Gobowen
because of travel distance. A number of practices also
commented that their patients had difficulties in accessing
Gobowen, especially the more at risk elderly population.
Over half of the users who responded did not feel that
Gobowen was conveniently located, 43% found it diffi-
cult to travel to the hospital for their scan and about the
same number found it expensive. Over 90% of patients
had travelled by car, 77% of them accompanied, with an
average travel cost of £21. This equates to a £40,000
expenditure per annum on travel to Gobowen for North
Wales residents.
Given a choice of where they would like a new DXA serv-
ice to be located, practices chose a centrally located town
(Llandudno) first, followed by 'somewhere else in North
Wales', then a mobile service, with the existing service out-
side the region least favoured. There was variation in
choice between the different LHBs with the western and
central boards favouring Llandudno; and eastern boards
preferring the current provider. This variation is shown in
Table 2:
In contrast, the user sample chose the current provider
first, followed by the central location, a mobile scanner
and then 'another district hospital in North Wales'. How-
ever, about two-thirds of the sample chose a service other
than the current provider. There was a significant differ-
ence in choice between users resident in the LHBs, with
the western boards more likely to choose Llandudno and
the eastern boards more likely to favour Gobowen. In
interpreting this result, however, it needs to be noted that
40% of the Denbighshire user sample were from the south
of the county, close to the existing service. User choices are
shown in Table 3:
Comparative needs assessment
There are seven NHS DXA scanners in mid and south
Wales. These performed 14,570 DXA scans in 2002–3 for
Table 1: Options considered in Option Appraisal
Option Provider and location
Option 1 Status Quo/do nothing
Option 2 Existing service with increased number of scans
Option 3 Existing service plus mobile scans purchased from another provider
Option 4 New service with static scanner at Llandudno only
Option 5 New service with static scanner at Llandudno plus existing service
Option 6 New service with static scanner at Llandudno plus mobile scans purchased from another provider
Option 7 New service with static scanner elsewhere in North Wales only
Option 8 New service with static scanner elsewhere in North Wales plus existing service
Option 9 New service with static scanner elsewhere in North Wales plus mobile scans purchased from another provider
Option 10 New service with mobile DXA scanner serving North Wales
Option 11 New service with mobile DXA scanner serving North Wales plus existing service
Option 12 New service with mobile DXA scanner with additional mobile scans purchased from another provider
Option 13 New service with mobile DXA scans purchased from another provider only
The table shows the 13 options considered in the option appraisal.Cost Effectiveness and Resource Allocation 2007, 5:1 http://www.resource-allocation.com/content/5/1/1
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a population of approximately 2,200,000, an overall rate
of 660 scans/100,000 population, or 66% of the total
required (assuming a population requirement for DXA
scanning of 1,000 per 100,000 population).
Unmet need for DXA scans in North Wales
It was estimated that North Wales requires approximately
6,500 scans per annum. The total number of central DXA
scans (the gold standard diagnostic technique) provided
to North Wales by the current provider in 2002–3 was
2058, giving a rate of DXA provision of 310 per 100,000
population, implying only 31% of the people in North
Wales who meet the national guidelines were receiving
central DXA scans. The greatest deficiencies in central DXA
scanning provision were in Conwy and Denbighshire,
which have some of the highest rates of hip fracture. There
was also evidence of inequity of access to the current serv-
ice by age and sex. 16% of referrals were in those less than
50, which is higher than one might have expected given
the age-related burden of disease. In addition, fewer men
were referred for bone densitometry than one might have
expected given the burden of disease in this sex (10% of
referrals were for men who made up 18.5% of those esti-
mated to suffer from osteoporosis).
Option appraisal of the bone densitometry service
The most suitable option identified was a DXA scanning
service based in the central location of Llandudno. This
option had the best VFM score in 15 out of the 16 sensi-
tivity analyses and would improve the geographical acces-
sibility for the majority of the residents of North Wales. It
would also double the current central DXA scanning pro-
vision in the region (from 2,000 provided by Gobowen)
to 4,000 provided by a scanner working full-time (expert
opinion); this would lead to a scanning provision of
about 60% of requirements, similar to the rest of Wales
(66%). However, this option would not be able to pro-
vide the full complement of 6,500 scans and would
reduce accessibility for the residents of Flintshire, Wrex-
ham and South Denbighshire.
Discussion
Main findings
Our study found evidence of significant underprovision
of bone densitometry services to the residents of North
Wales. We also found definite inequity in access by geo-
graphical area of residence and evidence of inequity of
access by age and sex.
What is already known on the topic
There are a number of methods which can be used to
inform and guide commissioning:
Table 3: User choice of future service options
Local Health Board Option 1: Existing DXA 
service in Gobowen
Option 2: New DXA 
service based at 
Llandudno Hospital
Option 3: New DXA 
service based 'elsewhere 
in N. Wales'
Option 4: New Mobile 
DXA service covering all 
N. Wales
Anglesey 2nd Choice 1stChoice 2nd Choice 4th Choice
Gwynedd 3rd Choice 2nd Choice 3rd Choice 1stChoice
Conwy 3rd Choice 1stChoice 2nd Choice 4th Choice
Denbighshire 1stChoice 3rd Choice 4th Choice 2nd Choice
Flintshire 1stChoice 4th Choice 2nd Choice 2nd Choice
Wrexham 1stChoice 4th Choice 3rd Choice 2nd Choice
North Wales 1stChoice 2nd Choice 4th Choice 3rd Choice
The table shows the overall choice of users resident within the 6 LHBs in North Wales for the scanning options.
Table 2: Choice of location for future DXA service
Local Health Board Option 1: Existing DXA 
service in Gobowen
Option 2: New DXA 
service based at 
Llandudno Hospital
Option 3: New DXA 
service based elsewhere 
in N. Wales
Option 4: New Mobile 
DXA service covering all 
N. Wales
Anglesey 4th Choice 1stChoice 2nd Choice 3rd Choice
Gwynedd 4th Choice 1stChoice 2nd Choice 3rd Choice
Conwy 4th Choice 1stChoice 2nd Choice 2nd Choice
Denbighshire 4th Choice 2nd Choice 3rd Choice 1stChoice
Flintshire 2nd Choice 4th Choice 1stChoice 3rd Choice
Wrexham 1stChoice 4th Choice 2nd Choice 3rd Choice
North Wales 3rd Choice 1stChoice 2nd Choice 4th Choice
The table shows the overall choice of GP practices within the 6 LHBs in North Wales for the scanning options.Cost Effectiveness and Resource Allocation 2007, 5:1 http://www.resource-allocation.com/content/5/1/1
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'Best Value' is a system which aims to help the public sec-
tor commission efficiently according to best value per-
formance indicators (PVPIs). These are a statutory list of
90 indicators to measure local authority performance.
Data is collected and audited annually by the Audit Com-
mission [18].
Programme budgeting and Marginal Analysis(PBMA) is a
method adopted and promoted by health economists. It
sets out, in a systematic manner, patterns of resource use
in health and social care by disease group, age band or
service client group. It also helps to identify candidate
services for expansion and contraction and the supporting
evidence and criteria by which they may be compared and
ranked, so as to increase benefits at the margin [19,20].
In health economics, multi attribute utility analysis has
been used to measure individual's preferences for differ-
ent health states [21]. It has also been used to generate
health indices such as the Health Utilities Index [22]. The
utility values gathered may be entered into economic
models or used in cost effectiveness analysis.
What this study adds
This paper is an example of a pragmatic needs assessment
to inform evidence based commissioning. This study
illustrates how a combined epidemiological, corporate
and comparative approach to needs assessment provided
the LHBs responsible for commissioning services across
North Wales with objective, literature and user based evi-
dence of the most suitable site for the DXA scanner. Such
an approach offers all parties an objective basis on which
to make and accept commissioning decisions. This study
is generalisable to other groups of LHBs or PCTs in a sim-
ilar setting.
Limitations of this study
The questionnaires for professionals and service users
may have introduced a potential bias as only a limited
number of geographic options were presented.
This study is not a full economic evaluation alongside a
clinical trial and as such cannot generate information as to
the most efficient site for a DXA scanner [23]. However,
the pragmatic, multi-objective approach takes into
account local circumstances, current levels of provision,
access issues and provided input into evidence based com-
missioning.
It may also be necessary to amend the results and conclu-
sions of this study when the National Institute for Health
and Clinical Excellence technology appraisal on the pri-
mary prevention of osteoporosis [24], the updated guid-
ance on secondary prevention [25], plus the clinical
guideline on osteoporosis [26], are published, as these
may impact on the total number of scans required.
Conclusion
The assessment identified significant unmet need for
bone densitometry. A recommendation was made to
improve access through the introduction of a new DXA
scanning service based at Llandudno. This would double
scanning provision provided and reduce travel costs and
time for many North Wales residents. This recommenda-
tion was adopted by a joint commissioning group estab-
lished by the six Local Health Boards in North Wales at the
end of 2004 – evidence based commissioning in practice.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
RA managed the research project as part of his training in
public health. SP, RR and ITR closely supervised the
research project as educational and service tutors. DR pro-
vided statistical input and RTE provided health economics
input. All the authors read and approved the final manu-
script.
Acknowledgements
We would like to thank all the people from the health and academic com-
munity who helped in this project, especially the staff of the National Public 
Health Service for Wales, headed by Cerilan Rogers, and IMSCaR, Univer-
sity of Wales Bangor. We would also like to thank members of the DXA 
Advisory Group, including Peter Maddison, Lyn Vaterlaws, Martin Duer-
den, Nick Wilson, Nefyn Williams, Brian Pickles and Ruth Parry.
References
1. World Health Organisation (WHO): Assessment of fracture risk and its
application to screening for postmenopausal osteoporosis, technical report
series 843. Geneva 1994.
2. Kanis JA, Gluer C-C: An update on the diagnosis and assess-
ment of osteoporosis with densitometry.  Osteoporos Int 2000,
11:192-202.
3. Nelson H, Morris C, Kraemer D, Mahon S, Camey N, Nygren P: Oste-
oporosis in postmenopausal women: diagnosis and monitoring. Portland:
Oregon Health & Science University Evidence-based practice Centre 2001.
4. Brown MA, Bradlow J, Gray AM: Cost effectiveness of bone den-
sity measurements.  J Brit Meno Soc 2001, 7:130-5.
5. Sim MF, Stone M, Johansen A, Evans W: Cost-effectiveness analy-
sis of BMD referral for DXA using ultrasound as a selective
pre-screen in a group of women with low trauma Colles'
fracture.  Technol Health Care 2000, 8:277-284.
6. Department of Health: Second Report of the UK National Screening Com-
mittee. London 2000.
7. Wright J, Williams R, Wilkinson JR: Development and impor-
tance of health needs assessment.  BMJ 1998, 316:1310-1313.
8. Stevens A, Gillam S: Health needs assessment: from theory to
practice.  BMJ 1998, 31:1448-1452.
9. Womersley J, McCauley D: Tailoring health services to the
needs of individual communities.  J Public Health Med 1987,
41:190-95.
10. Majeed FA, Chaturvedi N, Reading R, Ben-Shlomo Y: Monitoring
and promoting equity in primary and secondary care.  BMJ
1994, 308:1426-1429.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Cost Effectiveness and Resource Allocation 2007, 5:1 http://www.resource-allocation.com/content/5/1/1
Page 8 of 8
(page number not for citation purposes)
11. Stevens A, Raferty Jeds, (eds): Health care needs assessment: the epide-
miologically based needs assessment reviews Oxford, Radcliffe Medical
Press; 1994. 
12. Kanis JA, Melton LJ, Christiansen C, Johnston CC, Khaltaev N: The
diagnosis of osteoporosis.  J Bone Miner Res 1994, 9:1137-1141.
13. Linck P, Tudor Edwards R, Robinson C, Napier R, Russell I: Service
Evaluation of Telemedicine Activity in North Wales Bangor IMSCaR &
Centre for Economics of Health, University of Wales, Bangor; 2003. 
14. National Osteoporosis Society: Osteoporosis and Fracture Prevention
Strategy for Wales 2003.
15. Scottish Intercollegiate Guidelines Network: Management of oste-
oporosis – A national clinical guideline. Edinburgh 2003.
16. Patient Episode Database Wales   [http://
www.hsw.wales.nhs.uk/page.cfm?orgid=166&pid=4262]
17. Prescribing Costs Analyses   [http://www.wales.nhs.uk/
page.cfm?pid=975]
18. Boyne G: Processes, Performance and Best Value in Local
Government.  In Managing Local Services: From CCT to Best Value
Edited by: Boyne G. London: Frank Cass; 1999:1-15. 
19. Cohen D: Marginal Analysis in Practice: An Alternative to
needs assessment for Contracting Health Care.  BMJ 1994,
309:781-784.
20. Ruta D, Mitton C, Bate A, Donaldson C: Programme Budgeting
and Marginal Analysis: Bridging the Divide Between Doctors
and Managers.  BMJ 2005, 330:1501-1503.
21. Torrance G, Boyle M, Horwood S: Applcation of Multi Attribute
Utility Theory to Measure social Preferences for Health
States.  Operations Research 1982, 30(6):1043-1069.
22. Feeny D, Furlong W, Torrence G, Goldsmith C, Zhu Z, DePauw S,
Denton M, Boyle M: Multi Attribute and Single Attribute Util-
ity Functions for the Health Utilities Index Mark 3 System.
Medical Care 2002, 40(2):113-128.
23. Donaldson C, Gerard K: Economics of Health Care Financing: The Visible
Hand 2nd edition. London, Palgrave MacMillan; 2005. 
24. National Institute for Health and Clinical Excellence: The clinical effec-
tiveness and cost effectiveness of technologies for the primary prevention of
osteoporotic fragility fractures in postmenopausal women. Technology
Appraisal (in progress) .
25. National Institute for Health and Clinical Excellence: Alendronate, etid-
ronate, risedronate, raloxifene, strontium ranelate and teriparatide for the
secondary prevention of osteoporotic fragility fractures in postmenopausal
women. Technology Appraisal (in progress) .
26. National Institute for Health and Clinical Excellence: Osteoporosis:
assessment of fracture risk and the prevention of osteoporotic fractures in
individuals at high risk. Clinical Guideline (in progress) .